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SI-1 Computational Details
Geometry optimizations were performed with the Amsterdam Density Functional program 2, 3 using Density Functional Theory (DFT). The BLYP exchange correlation functional 4, 5 was used in combination with a Slater type basis set of the triple zeta with one polarization function (TZP) 6 quality. Dispersion corrections have been included following the formalism proposed by Grimme (DFT-D3) 7 . The Ehrenfest dynamics simulations were performed with the Octopus program [8] [9] [10] [11] . A nucleus centered spherical grid with a maximum radius of 7.56 Bohr for real space discretization was used; tests have been performed to find the optimal spacing (0.375 Bohr), resulting in a 70.18 Rydberg cut off. Troullier-Martins pseudopotentials 12 were used to describe the core electrons. The BLYP exchange-correlation functional 4, 5 has also been used for the Ehrenfest dynamics. The initial photoinduced electron configuration for the Ehrenfest dynamics was generated by moving one electron from the highest occupied β-orbital to the virtual β-LUMO+2. A time step of 1 attosecond was chosen to accurately describe the time evolution of the electrons. The initial nuclear velocities are set to zero; due to relaxation from the Franck-Condon point, the kinetic energy rises during the trajectory. We fix the nuclear coordinates of the nitrogen in the melamine tail as well as the oxygen in the isocyanuric tail (furthest from the hydrogen bond interface) to avoid translational motion of the complex and to maintain the relative distance, as would be the case due to the environment in a crystal or DNA backbone. This is also advisable since the electron transfer rate is distance dependent. In figure   S1 , we show the electron transfer time evolution for a trajectory with an intermolecular distance increased by 1 Å compared to the optimized geometry. As is clearly visible, this is already enough to inhibit the charge transfer process on the time scale of the simulation.
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Figure S1. Comparison of electron transfer pattern starting from optimized geometry (black) and a geometry with an intermolecular distance increased by 1Å (green). This increase in intermolecular distance is enough to inhibit the charge transfer process within the time scale investigated.
To quantify the electron transfer, we monitor the difference between electron densities with αand β-spin (ρ(β)-ρ(α)) during the trajectory. Excess of β-spin density therefore corresponds to the excited electron, deficiency of β-spin density represents the hole. This difference spin density was integrated over two halves of the simulation box, each containing the donor or acceptor molecule, respectively. The integrated density on the acceptor was then used to quantify the amount of electron density transferred during the Ehrenfest trajectory. A Fourier analysis of this electron transfer process was also done, using a gaussian window function with a sigma value of 0.8 to reduce noise. The initial geometries used for the Ehrenfest dynamics (non-symmetric and symmetric) are given in tables S1 and S2. 
SI-3 Ehrenfest dynamics with frozen nuclear geometry
Electron dynamics simulations were performed with fixed nuclear degrees of freedom. Two different geometries were investigated: the initial geometry at the start of the Ehrenfest dynamics (from here on called simulation G0) and the geometry from the Ehrenfest trajectory at 10. with fixed nuclear coordinates at the initial geometry (simulation G0, a, red) and with fixed nuclear coordinates at the geometry taken at 10.7 fs of the original trajectory, when the electron transfer starts (simulation G1, b, red).
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In figure S3 , a frequency analysis of the electron transfer patterns shown in figure S2 is presented. The peaks at around 4300 cm -1 and 5500 cm -1 corresponding to the trajectory with free nuclei show significant overlap with the frequencies of electron density oscillations in the case of the frozen initial geometry (simulation G0). This strongly suggests that the high frequency oscillations are due to the coupling between electronic states at a geometry close to the Franck-Condon point. The main peak at about 3500 cm -1 shows instead significant overlap with the electron density oscillation frequency extracted from simulation G1, where the nuclei were fixed at a geometry in the strong coupling regime. This is also the peak that has a large overlap with the N-H bond vibrations. This shows that at this specific geometry, a resonance between electronic energy difference and nuclear vibration (the N-H stretches) has emerged. We should keep in mind, that this result is obtained for a simple two state model that is coupled to a single nuclear vibrational mode of frequency ωn with displacement R0. To get a rough estimate of the nonadiabatic coupling term d12 for our donor-acceptor molecular complex, we therefore choose the most relevant nuclear mode which is coupled to the electronic motion. We consider the case with symmetric starting conditions (figure 1c), where the central N-H bond vibration is the most relevant mode. Its frequency, ωn is determined to be roughly 2700 cm -1 (see figure S4 ). The displacement R0 of this mode is determined from the trajectory to be approximately 0.04 Å (see figure 2a ). As a rough estimate for the complete charge transfer process, we take the time from onset of electron transfer to end of the simulation (55 fs, see figure 1c ) and multiply by 3 to extrapolate to full electron transfer. In this way we estimate a period τ = 165 fs. By using these parameters extracted from our system, we estimate a value of 0.94 Å -1 for d12.
